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ABSTRACT 
Background: Mandibular third molars are the last tooth to calcify and the space for eruption 
has always remained unpredictable. The lack of availability of retromolar space has lead to 
failure of eruption of mandibular third molars.So it is important to understand its calcification 
and its association with retromolar space in order to ensure its normal eruprion and prevent 
impaction. 
Objective: To assess the correlation  between calcification stages of the mandibular third 
molars and retromolar space. 
Materials and Methods: The material included pretreatment lateral cephalographs of 100 
orthodontic patients 0(49 males and 51 females). The molar formation stage was assessed 
through the method of Nolla, which rates the degree of calcification on a scale of 10 stages. 
The retromolar space was measured from the most concave point of the anterior border ofthe 
ramus to the distal surface of the first molar (used because the second molars had  not yet 
erupted in the younger patients).  
 
Statistical analysis-Retro-molar distance was correlated with Stage of development by 
Spearman’s correlation coefficient. The methods of retromolar distance measurement were 
correlated with each other by Intra class correlation coefficient. 
 
Results: The formation stage advanced with age, but wide standard deviations were noted. 
Similarly, the retromolar distance increased with age and was greatest between 14 and 
15years.High and statistically significant correlations were observed betweenAge and 
retromolar distance (r=0.54  p< 0.001),Age and stage of development (r=0.74  p<0.001),Stage 
of development and retromolar distance (r=0.67  p< 0.001). 
 
Conclusions:The correlation between mandibular third molar calcification and available 
retromolar spaceessentially represents the association between dental formation and 
mandibular skeletal growth. The findings do not necessarily conclude the  successful 
emergence or nonimpaction of the molars. Longitudinal data are needed for further research. 
KEY WORDS: Third molar; Dental age; Retromolar space. 
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INTRODUCTION 
Mandibular third molars and its eruption 
has always been a subjectof uncertainty. 
As we all know mandibular third molars 
are the last tooth to calcify, the space for 
eruption has always remained 
unpredictable. The lack of availability of 
retromolar space has lead to failure of 
eruption of mandibular third molars. 
Ricketts claimed that more than 50% 
oforthodontic patients require extraction of 
mandibular third molars. According to 
Richardson, 35% of orthodontic patients 
treated without extraction had 
mesioangular impaction of mandibular 
third molars and 20% had vertical 
impactions
1
. Therefore the orthodontist 
must have the knowledge of developing 
mandibular third molars and its outcome 
during and after orthodontic treatment. The 
treatment plan must also include the 
measures to prevent the impactions of 
mandibular third molars. 
 Important factor for impaction is space 
available for eruption of mandibular third 
molars distal to mandibular second molar. 
The stages of calcification and retromolar 
space should be taken into consideration to 
predict that the tooth is going to erupt or 
impact. The size of third molar i.e the 
mesiodistal width is an important factor 
for impaction. But the results of these have 
been inconclusive. 
Mandibular third molars development is 
related to skeletal maturity and 
chronological age
2
. According to Bjork et 
al 1956 if mandibular third  molars 
development is retarded, it is associated 
with its impaction
3
. The treatment plan 
should include the relationship between 
calcification of mandibular third molars 
and skeletal maturation.Several factors 
have been associated to mandibular third 
molar impaction. These are lack of space, 
third molar angulation , ectopic 
eruption,obstruction of eruption  pathway, 
late mandibular third molars 
mineralization/early physical maturity
4
. 
Mandibular third molars exhibits great 
variation in size , shape, position,root 
formation,time of development, path of 
eruption.
5
 
Various factors are associated with 
development of space for third molar prior 
to its eruption. Resorption of bone from 
anterior border of ramus (Brash 1924) 
,backward slope of anterior border of 
ramus in relation to alveolar border (Brash 
1934),forward movement of dentition 
(Brash 1953; scott 1953), growth in length 
of mandible (Bjork 1956), sagittal degree 
of mandibular growth (Bjork 1956), sagital 
direction of eruption of dentition (Bjork 
1956).
6
 
Extraction of premolars/molars certainly 
helps to increase the retromolar space 
5
. 
The study of eruption or impaction of 
permanent teeth guides us to three local 
factors associated with it: space 
availability, stage of formation, and size of 
the tooth
2
.The stages of calcification given 
by Nolla helps us to know the stages of 
development and to predict the time 
required for the eruption of the third molar. 
On an average third molar crown 
formation develops within a range of 7 to 8 
years.
2
 
 
Stages of root formation shows the 
possibilities in lower third molar eruption. 
When root formation is complete and the 
tooth has not erupted, there is probability 
that the tooth may not erupt.This is 
because, as it is known that when teeth 
erupt, about one-half of each root should 
be calcified. The third molars are no 
exception, so when wefind them in the 
stage of calcification, which reveals that 
they should be erupting and they are not 
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doing so, we have  right to be concerned 
about their outcome 
7
. Once we know the 
stages of calcification it is also important 
to know whether the retromolarspace 
available is sufficient or not for the 
eruption of mandibular third molars. If the 
space available is not sufficient various 
measures can be taken to make the space 
available or to prevent the loss of existing 
space. This will help in prevention of 
impaction of third molar. 
 
So the objective of the study is to correlate 
the stages of calcification of mandibular 
third molars and the space available distal 
to second molar to predict the eruption of 
third molar. 
MATERIALS AND METHODS 
 
The sample consisted of pretreatment 
lateral cephalometric and panoramic 
radiographs from 100 patients (49 males 
and 51 females) selected from the patients 
from the Department of Orthodontics and 
Dentofacial Orthopaedics, Maratha 
Mandal’sNGH Institute of dental Sciences 
and research centre, Belagavi. The 
selection was limited to children between 
the ages of 8 and 18 years who also 
fulfilled the specific inclusion and 
exclusion conditions. Prior to the study, 
signed consent to use the radiographs was 
obtained from the patients or guardians of 
the children. 
 
The inclusion criteria were  
• Presence of both mandibular third 
molars  
• No missing or extracted teeth in the 
mandible. 
 
 Exclusion conditions were 
• Congenital malformations,  
• Absence of one or both mandibular 
third molars,  
• Disturbance in dental development,  
• History of previous orthodontic 
treatment,  
• Existing pathology (eg, cyst), 
• Prior surgery (as a result of 
trauma),  
• and age older than 18 years.  
 
With the latter criterion, it was assumed 
that, on average, normal emergence might 
have occured at 18 years of age. The 
record was not taken into consideration if 
at this age the tooth had erupted and/or the 
root was completely formed. The 
pretreatment cephalometric and panoramic 
radiographs were taken in the same digital 
cephalostat following a uniform procedure. 
 
Dental Age-  
Nolla’s method  was used to determine the 
developmental stage of the mandibular 
third molar on the panoramic x-rays . It is 
based on rating the degree of calcification 
of each tooth on a described scale of 10 
stages of calcification, starting from the 
absence of a crypt (stage 0). Dental 
maturation proceeds from the presence of a 
crypt (stage 1) and includes five stages of 
crown maturation from calcification to 
completion (stages 2–6), three stages of 
calcification of the root scaled in thirds 
(stages 7–9), and a final stage designated 
for root completion (stage 10) 
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Figure 1: Stages of dental development 
according to Nolla. 
 
Retromolar distance 
 
The retromolar distance was measured on 
the cephalographs with the help of 
software. Two horizontal reference lines 
were used, the Frankfort horizontal (FH) 
and the constructed  horizontal line (7° to 
SN). Two lines perpendicular to the 
horizontal lines and passing through the 
most concave point of the anterior border 
of the mandibular ramus were traced 
(Figure 2A).The mandibular first molar 
was traced, and the shortest distances from 
the distal surface of the first molar to the 
vertical lines passing through the ramus 
were calculated by the software (in 
millimeters)(Figure 2B). 
 
As in the younger patients, second molars 
were not yet erupted the first molar was 
used as a reference. An average tracing of 
right and left images was used in case of 
double image of first mandibular molar. 
 
 
 
Figure 2.(A) Methods of measurement of 
distance between mostdistal point of distal  
 
 
 
 
 
 
 
 
 
 
 
surface of the permanent first molar and 
avertical drawn perpendicular to the 
Frankfort horizontal (VF) or adjusted to 
the natural head position (VN). (B) 
Representation ofinstance in which a 
double image of the first molar was 
present; thedistance was measured to the 
average outline of right and left images 
was traced. 
 
STATISTICAL ANALYSIS 
 
Retro-molar distance was correlated with 
Stage of development by Spearman’s 
correlation coefficient. The methods of 
retromolar distance measurement were 
correlated with each other by Intra class 
correlation coefficient. Ordinal logistic 
regression was done with stage of 
development predicted by age, gender and 
retro-molar distance measurement as the 
predictors.  
 
RESULTS 
 
Spearman’s correlation coefficient for 
retromolar distance correlated with Stage 
of development was found out significant 
(p< 0.001). Stage of development was 
significantly correlated with the retromolar 
distance.Retromolar distance can be a 
good predictor for the stage of 
development. 
 
Mandibular retromolar distance was highly 
correlated with the stage of development 
of the third molar (r=  0.67, p<0.001) 
indicating high intraoral reliability.Mean 
and standard deviation of the age, 
S 
N 
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retromolar distance compared between 
males and females is shown in table 1. 
There was no statistically significant 
difference between genders with regard to 
retromolar distance and stage of 
development. The retromolar distance 
increases with the stage of development 
wide standard deviations were noted in 
each group   (Figure 3). The 
developmental stage increased with age,  
but wide standard deviations were noted in 
each group (Figure 4). As the age increases 
retromolar distance increases as can be 
seen in the following figure 5. Similarly,  
the distance between first molar and ramus 
increased with age and was greatest 
between 14 and 15 years (Figure 6).High 
and statistically significant correlations 
were observed betweenAge and retromolar 
distance (r=0.54  p< 0.001),Age and stage 
of development (r=0.74  p<0.001),Stage of 
development and retromolar distance 
(r=0.67  p< 0.001). 
 
Table 1.Mean and standard deviation of the age, shortest distance compared between 
Males and Females.   
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 Figure 3: Scatter plot with fit line showing relationship between 
Stage of development and retromolar distance  
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 Figure 4: Association between mean age at each Stage of 
development 
 MALES FEMALES P 
     n 49 51  
Age 14.71(1.76) 15.19(2.20) >0.05 
Retromolar distance 10.7(2.71) 11.86(3.09) >0.05 
stage 5.04(1.51) 5.61(1.76) >0.05 
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DISCUSSION 
 
The orthodontist is always concerned 
regarding the development of mandibular 
third molars and its effect on dentition 
during and after orthodontic treatment. 
Prediction of eruption of mandibular third 
molar is not always easy. In general the 
main factor is shortage of retromolar 
space. The reasons for the shortage of 
space is discussed by various authors and 
is related to many factors. According to 
Bjork backward direction of eruption  and 
retarded maturation were factors related to 
it. Panoramic radiographs were also used 
in studies that document predictive 
methods with the highest probabilities of 
outcome for third molar development. The 
probability of eruption is approximately 
70% if the mesiodistal space available for 
the third molar is as large or larger than the 
mesiodistal width of the tooth.
11 
 
The etiology of mandibular third-molar 
impaction was investigated earlier by 
many investigators and several dental and 
skeletal factors were known to be its cause. 
Lack of space in the retromolar  region 
0 
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10 
15 
20 
10 12 14 16 18 20 
retromolar distance 
(mms) 
Age (years) 
 Figure 5: Scatter plot with fit line showing relationship between Age 
and retromolar distance  
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figure 6. Showing  the distance between first molar and ramus with 
increasing age. 
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seems to be the main factor, which can be 
attributed to either the failure of the 
mandible to attain its adequate size or the 
tooth size-jaw size discrepancy.  Narrow 
alveolar arch can also be a retarding factor 
for the eruption of third molar. Finally, late 
third molar maturation combined with 
early physical maturation can also be a 
contributing factor. (Svendsen and 
Maertens, 1997).
13
 
 
Table 1 shows No statistically significant 
difference was found between genders 
with regard to stage of development and 
retromolar distance. 
Mandibular retromolar distance was highly 
correlated to the calcification stage of 
development of third molar (Figure 1). As 
the  calcification stage of development 
increasesthe retromolar distance increases 
(Figure 1). There is a high positive 
correlation between degree of calcification 
of mandibular third molar and skeletal or 
chronological ages.
12
 
Retromolar distance can be a good 
predictor for the stage of 
development..This finding does not guide 
us to find out whether third molar will 
erupt or not erupt. It was considered that 
growth of lower retromolar space should 
not be expected after age of 16. Chen et al 
reported that there is significant expansion 
of this space between age of 16 and 18 
years.
14
 
The factor which predominantly determine 
the eruption of third molar is the difference 
between retromolar space and mesiodistal 
diameter of mandibular third molar. Dental 
maturation may be related to the 
calcification stage. Slower development 
occur with less space and faster 
development occure with more space. 
2
This is in accordance with the findings 
done by G.S saro
2
. 
The calcification stage usually helps us to 
know the eruption  timing. The teeth 
erupts when one half of each root is 
calcified. The rest of the calcification 
occurs in final stages of eruption. Third 
molars whose roots are fully formed and 
are still unerupted are not a good risk. 
They may never become useful organs of 
mastication for they probably will not 
complete eruption. Final solution of the 
problem is removal of the third molars. If 
calcification of third molar seems to be 
slow it might be an indication that it might 
fail to erupt.
8
 
 
Statistically significant correlation was 
observed between age and stage of 
development. As the age increases, the 
calcification stage increases. A measure of 
calcification (maturation) of mandibular 
third molar at different age levels provides 
a more precise index for determining 
dental age. 
1   
If mandibular third molar 
development is retarded it is associated 
with its impaction.
 3 
So if there is no 
increase in calcification stage there will be 
no eruption of third molar. 
 
Svendsen and Bjork concluded that late 
mandibular molar mineralization is a 
consistent factor for impaction of third 
molars, and aquite reliable assessment of 
the risk for third molar impaction seems 
possible from the tooth-development stage 
in relation to chronologic age. If a 
mandibular third molar has not started its 
initial root formation and therefore only 
the crown is detected on an intraoral 
radiograph in a 15-year-old patient, there 
is a higher risk for impaction. These 
findings are in agreement with previous 
investigations like the study of Svendsen 
and Bjork.
9
 
 
The third-molar calcification stage is one 
of the  tools that can be used to assess the 
age when development is about to 
complete.
10
 
 
In this context, several results warrant 
reporting:  
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More the advanced stage of third molar 
development, more the early loss of the 
permanent first molar;  
 
If at the time of extraction of the adjacent 
second molars, third molars are in earlier 
stages of development, they were likely to 
take longer to erupt; erupted third molars 
were at a slightly more advanced stage of 
development at a younger age 6.  More 
mature a tooth was at age 15, the higher 
was the probability of later eruption. 
although the effect of premolar extraction 
(for orthodontic purposes) on eruption of 
the third molar was investigated in many 
studies, the effect on third molar formation 
has not been addressed. 
 
Statistically significant correlation was 
observed between age andretromolar 
distance. As the age increases, retromolar 
distance alsoincreases
2
.Distance between 
first molar and ramus increased with age 
and was greatest between 14 and 15 years. 
 
The high correlation between calcification 
stage and retromolar distance  implies that 
the mineralization of mandibular third 
molars is an indicator of the space 
availability in the mandibular arch. This is 
accordance with the study done by G.S 
Saro. From this perspective, mineralization 
would represent the association between 
one biologic age (dental formation) and 
another growth event (mandibular skeletal 
growth).
2
 
 
Conclusion 
The available retromolar space is 
associated with the developmental 
formation of the mandibular third molars. 
 
Given the established positive correlation 
between an increased retromolar space and 
a higher chance of eruption, an advanced 
stage of development of the mandibular 
third molar might be an additional 
predictor of future eruption.It should be 
supported by longitudinal studies. 
 
In general, the potential correlation 
between space and tooth formation can 
becarried to other teeth and dental 
development,but it may require further 
studies to be carried out. 
 
Limitations of the study are that 
mesiodistal width of third molars is not the 
same for each and every patient and there 
can be various factors which can affect the 
size of third molar so that is not considered 
in the present study. 
 
The above study should be supported  by 
longitudinal study and correlation of 
calcification of mandibular third molar 
with retromolar space should be done 
while taking into account various factors 
affecting them. 
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